Background: Propolis is a natural product of plant resins collected by honeybees (Apis mellifera) from various plant sources. Our previous studies indicated that propolis sensitivity is dependent on the mitochondrial function and that vacuolar acidification and autophagy are important for yeast cell death caused by propolis. Here, we extended our understanding of propolis-mediated cell death in the yeast Saccharomyces cerevisiae by applying systems biology tools to analyze the transcriptional profiling of cells exposed to propolis.
Background
Propolis is a natural product of plant resins collected by honeybees (Apis mellifera) from various plant sources. It is used by the bees to seal holes in their honeycombs and protect the hive entrance [1] [2] [3] . Propolis has been used in folk medicine for centuries. Its chemical composition is quite complex since more than 300 compounds, such as polyphenols, phenolic aldehydes, sequiterpene quinines, coumarins, amino acids, steroids, and inorganic compounds, have been identified in propolis samples. Propolis has cytotoxic [4] , anti-herpes virus [5] , antitumor [6] , radical scavenging [7] , antimicrobial [8, 9] , antiprotozoan [10] , and anti-HIV [11] activity and suppressive effects of dioxin toxicity [9] . More recently, evidence has shown that propolis can be used to treat Candida fungal infections [12] [13] [14] [15] [16] .
Recently, we applied the power of Saccharomyces cerevisiae as a model organism for studies of genetics, cell biology, and genomics to determine how propolis affects eukaryotic cells at the cellular level [17] . Propolis is able to induce an apoptosis cell death response; however, increased exposure to propolis provides a corresponding increase in the necrosis response. We showed that cytochrome c but not endonuclease G (Nuc1p) is involved in propolis-mediated cell death in S. cerevisiae. We also observed that the metacaspase YCA1 gene is important for propolis-mediated cell death. We screened the full collection of about 4,800 haploid S. cerevisiae nonessential deletion mutants for propolis sensitivity, and we were able to identify 138 deletion strains that have different degrees of propolis sensitivity compared to the corresponding wild-type strains. Our studies indicated that propolis sensitivity is dependent on the mitochondrial function and that vacuolar acidification and autophagy are important for yeast cell death caused by propolis. Here, we extended our understanding of propolis-mediated cell death in the yeast Saccharomyces cerevisiae by applying systems biology tools to analyze the transcriptional profiling of cells exposed to propolis.
Methods

Propolis tandardized extract
Propolis Standardized Extract -(EPP-AF
W ) (Batch 010/ 08) were industrially produced and kindly provided by Apis Flora Company (RibeirãoPreto/SP -Brazil). The extract was standardized using a propolis blend composed by raw material obtained from several sites of Brazil (Patent number PI 0405483-0, published in Revista de Propriedade Industrial n. 1778 from 01/02/2005). Propolis (blend of raw material) was kept in a freezer for 12 h, ground to a fine powder in a blender. It was then extracted using hydroalcoolic solution (7:3) , with dinamic maceration, during 72 hours in ambient conditions (25°± 5°C), followed by percolation process (1L/ min.) and finally by a filtration process using in the first step the propolis biomass like a filter and secondly a 220 mesh stainless steel industrial line filter. Propolis extract obtained presents 11% w/v of dry matter and chemical composition standardized qualitatively and quantitatively by RP-HPLC (C18 Shim-pack, CLC-ODS (M), 25 cm x 4,6 column -with gradient elution with methanol and acidic water pH=2,7, plotted at 275 nm) into compounds: caffeic, p-coumaric and cinnamic acids, aromadendrin, isosakuranetin and artepillin C.
Yeast strain, media and culture methods
The assays were carried out with S. cerevisiae yeast strain BY4742 (MATα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0) [18] . The culture medium used was complete medium YPD (2% w/v glucose, 1% w/v yeast extract, 2% w/v peptone). For the microarray assay, the yeast cells were grown for 9 hours (mid-exponential phase) in 50mL of liquid YPD at 30°C with mechanical shaking (200rpm). After this, the cells (~2 x 10 7 cells ml -1 ) were exposed to propolis 0.125% for 5 or 10 minutes. The control for the experiment using propolis 0.125% as a treatment has 0.68% ethanol. Two independent experiments were performed to each array using two different biological samples and dye swap analysis. Cell viability was determined by plating appropriate cell concentrations and counting the number of colonies in comparison to propolisuntreated controls.
RNA isolation and real-time PCR
For total RNA isolation, the yeast cells were disrupted by vortexing with glass beads and total RNA was extracted with Trizol reagent (Invitrogen, USA). Ten micrograms of RNA from each treatment were then fractionated in 2.2 M formaldehyde, 1.2% w/v agarose gel, stained with ethidium bromide, and then visualized with UV-light. The presence of intact 25S and 18S ribosomal RNA bands was used as a criterion to assess the integrity of the RNA. RNAse free DNAse treatment was carried out as previously described [19] . After this, the total RNA was purification by RNeasy W Mini Kit (Qiagen) and the purified samples were measured in the NanoDrop W 2000 (Thermo Scientific).
Microarray hybridization
For gene expression analysis commercially-available Agilent whole genome S. cerevisiae microarray [Yeast (V2) Gene Expression Microarray, 8x15K] was used. The microarray slides contain 15,208 probes for S.cerevisiae (BY4742 strain). The RNA samples obtained under the conditions above described were subjected to cRNA fluorescent labeling. cRNA labeling was performed according to the standard protocol described by Agilient using Two-Color Microarray-Based Gene Expression Analysis (Agilent Technologies, USA). Briefly, for cRNA synthesis and labeling 5 μg of total RNA were used. After labeling, 300 ng of Cy3 and Cy5-labelled cRNAs (specific activity > 8.0 pmol Cy3-Cy5/μg cRNA) was fragmented at 60°C for 30 minutes in a reaction volume of 25 μl containing 1x Agilent fragmentation buffer and 2x Agilent blocking agent following the manufacturer's instructions. On completion of the fragmentation reaction, 25 μl of 2x Agilent hybridization buffer was added to the fragmentation mixture and hybridized to the S. cerevisiae microarrays slides for 17 hours at 65°C in an Agilent G2545A Hybridization Oven and on Agilent Rotator Rack. After hybridization, microarrays were sequentially washed: 1 minute at room temperature with GE Wash Buffer 1 (Agilent) and 1 minute with 37°C GE Wash buffer 2 (Agilent), then a 10 seconds Acetonitrile Wash (Agilent) followed by a 30 seconds Stabilization and Drying Solution wash (Agilent). Slides were immediately subjected to fluorescent detection using fluorescent detection with a GenePix 4000B (Molecular Devices, USA) with simultaneously scanning the Cy3 and Cy5 channels at a resolution of 5 μm. Laser was set at 100% and PMT gain was adjusted automatically for each slide using the program GenePix Pro (Molecular Device) according to the signal intensity of each array. Merged Cy3 and Cy5 TIFF images generated by the GenePix Pro were used to analysis in the Agilent Feature Extraction software (version 9.5.3.1, Agilent) using Linear Lowess algorithm to obtain background subtracted and normalized intensity values. The dye-normalyzed values generated in the Feature Extraction data files were used to upload the software Express Converter (version 2.1, TM4 available at http://www.tm4.org/utilities.html) which conveniently converts the Agilent file format to mev (multi experiment view) file format compatible to the TM4 softwares for microarray analysis (available at http://www.tm4.org/). The mev files were then uploaded in the MIDAS software where the resulting data were averaged from replicated genes on each array, from dyeswap hybridizations for each experiment and from two biological replicates using the tools "flip dye consistency cheking" and "in slides replicates analysis" implemented in MIDAS software. The mev files generated were then loaded in MEV software (MultiExperiment Viewer) where differentially expressed genes were identified using one-class t-test (p>0.01). Significantly different genes were those whose mean log 2 expression ratio over all included samples was statistically different from 0 which indicates the absence of gene modulation. The genes significantly up-or down-regulated in the microarray analysis was subjected to Gene Ontology analysis using the GO Term Finder tool available at the Saccharomyces Genome Database (SGD <http://www.yeastgenome.org>).
Physical protein-protein (PPPI) network design and global topological analysis
The transcriptomic data gathered from yeast BY4742 strain submitted to propolis treatment was used to obtain information about how the under-and overexpressed genes and their products interact in the context of physical protein-protein interactions (PPPI networks) in S. cerevisiae. In this sense, the data mining screening and network design of repressed or induced genesassociated PPPI networks was performed using Cytoscape software, version 2.6.3 [20] . 
Network centralities and local topological analyses
Two major network centralities (node degree and betweenness) were computed from the merged network and clusters using the Cytoscape plugin CentiScaPe 1.0 [22] . The local topology of the network, defined as bottlenecks, was obtained from the threshold generated by each centrality calculated by CentiScape 1.0. In this sense, bottlenecks were defined as nodes with a value above the threshold calculated for node degree and betweenness.
Gene ontology analysis
Gene ontology (GO) clustering analysis was performed using Biological Network Gene Ontology (BiNGO) [23] software, a Cytoscape plugin available at http://chianti. ucsd.edu/cyto_web/plugins/index.php. The degree of functional enrichment for a given cluster and category was quantitatively assessed (p value) by hypergeometric distribution [24] and a multiple test correction was applied using the false discovery rate (FDR) [25] algorithm, fully implemented in BiNGO software. Overrepresented biological process categories were generated after FDR correction, with a significance level of 0.05.
Results and discussion
Microarray hybridization analysis
To our knowledge, previous to our work there is only a single study in the literature reporting transcriptional profiling for eukaryotic cells exposed to propolis [26] . In this study, propolis was applied for 24 hours to normal human dermal fibroblast and keratinocytes. These authors were able to identify 205 genes important for skin and only 5 (ATP citrate synthase, aquaporin 3, cytochrome c oxidase 1, nitric oxide synthase 3, and hydroxylase 3) and 1 (progestone receptor) that appear to be up-and down regulated in both cell lines, respectively. We have been using S. cerevisiae as an eukaryotic model system to identify genes that are important for propolismediated cell death. As previously shown, when S. cerevisiae exponential cells are exposed to propolis 0.125% for 5 and 10 minutes, there is a decreased survival of 24.1 and 6.3%, respectively in comparison to the propolis-untreated control containing only 0,68% ethanol [17] . To gain an insight on which pathways are modulated during S. cerevisiae exposure to propolis, we determined its transcriptional profiling. Total RNA extracted from these cultures was used to generate fluorescent-labeled cRNAs for competitive microarray hybridizations. All the controls for further experiments using propolis 0.125% as a treatment have 0.68% ethanol (reference samples). We have compared the mRNA expression of the S. cerevisiae BY4742 strain grown for 9 hours and exposed to 0.125% propolis for 5 and 10 minutes with yeast cells exposed to 5 and 10 minutes 0.68% ethanol. In these experiments, the main aim was to focus on genes that have increased or decreased mRNA expression. The full dataset was deposited in the Gene Expression Omnibus (GEO) from the National Center of Biotechnology Information (NCBI) with the number GSE33971 (http://www.ncbi.nlm.nih.gov/projects/geo/ query/acc.cgi?acc=GSE33971). We were able to observe 1,399 genes modulated in at least one time point (pvalue 0.01, calculated FDR is 2.1%) when compared to the respective reference time (reference untreated samples obtained under the control experimental conditions, i. e., 2 x 10 7 cells ml -1 exposed only to 0.68% ethanol for 5 or 10 minutes). We have used Gene Ontology (GO) Term Finder analysis aiming to classify the main biological processes associated to the list of the up-and down-regulated genes identified in the microarray hybridizations. In addition, we assessed the probability values of the over-abundance of the GO groups compared to the genomic average in order to gain information about the statistical significance of overrepresented processes (p<0.05). Table 1 shows the adjusted p-values indicating the categories of genes overrepresented in the microarray analysis which are involved in a variety of cellular processes. To have a broader view of the most significant modulated genes found in the microarray analysis, we listed the genes having increased or decreased mRNA expression with log ratios ≥ 1 (203 genes) or ≤ 1 (136 genes). These genes were grouped according to the GO identity obtained in Table 1 [Additional file 1: Table A1 shows the genes with log ratios ≥ 1 (203 genes) or ≤ 1 (136 genes), respectively]. The Table 2 shows a list of chosen genes presenting higher level of up-regulation in the microarray which were grouped into categories of significantly overrepresented biological process according to the gene ontology ID shown in Table 1 . Interestingly, inside the enriched category "transmembrane transport and localization" (GO:0055085 and GO:0051179; p<0.01), we have observed several genes encoding transporters reported as involved in multidrug resistance (MDR; for reviews see [27] [28] [29] [30] , suggesting propolis can activate at the transcriptional level the complex set of genes responsible for MDR in S. cerevisiae (Table 2 and Additional file 1: Table A1 ). In addition, we have also observed enrichment for genes encoding proteins important for the assembly of the vacuolar ATPase and the endocytic pathway (Table 2 and Additional file 1: Table A1 ). None of the deletion mutants for these transporter encoding genes shown in Additional file 1: Table A1 were observed as more sensitive to propolis, except for TPO1 [17] , indicating a redundant transcriptional response of these genes to propolis. However, we have previously observed that when several genes involved in the assembly of the yeast V-ATPase such as VPH1, VMA3, 4, 5, 11, 22, RAV1 and SOP4 were deleted, the corresponding yeast deletion strains became more sensitive to propolis [17] .
Earlier, by screening a non essential yeast deletion library, we observed that most of the proteins whose deletion increases the sensitivity of yeast strains to propolis are involved in cell division mechanisms, mitochondrial electron transport chain, vacuolar acidification, regulation of macroautophagy associated with protein target to vacuole, cellular response to starvation, and negative regulation of transcription from RNA polymerase II promoter [17] . We have shown that propolis induces vacuolar acidification and translocation of Atg8p to the vacuoles, one of the hallmarks of autophagy [17] . In S. cerevisiae, the vacuole is very important for keeping cellular homeostasis comprising the regulation of intracellular pH and degradation mainly during nutrient limitation of proteins and organelles by autophagy (for reviews, see [31] [32] [33] ). Cell death induced by acetic acid is increased in S. cerevisiae VPS gene deletion mutants (VPS genes are involved in homotypic vacuole fusion, vacuolar protein sorting and are essential for normal vacuolar function) [34] . It has been observed that the intracellular pH was acidified in VPS mutant cells upon treatment with acetic acid [34] . It is possible the disturbance of the homeostatic pH control may trigger necrosis by release of pro-necrotic proteases, which would find an optimal pH for their enzymatic activity in the acidified cytosol [35] . We have observed genes encoding proteins important for ROS detoxification in S. cerevisiae significantly enriched in the microarray hybridization (GO: GO:0006950; Response to Stress and (GO:0050896) Response to Stimulus; Table 2 and Additional file 1: A1; p<0.003) such as GRX4, GTT2, GTT3, TSA2, DFM1, and TRX1 with increased mRNA accumulation when S. cerevisiae is exposed to 0.125% propolis. Interestingly, there is also an increased mRNA accumulation of genes encoding proteins involved in the generation of ATP into the mitochondria, such as ATP17, ATP18, ATP19, ATP20, ATP21, and COX8 grouped in the category of cellular component organization or biogenesis at cellular level (GO:0071841; Table 2 and Additional file 1: Table A1 ; p < 2.66 x10 -6 ). There are several conditions where mitochondriaproduced ROS have been associated to yeast apoptosis (for reviews, see [35] [36] [37] [38] ). Propolis at 0.125% can induce ROS formation and it is more lethal when S. cerevisiae grows in the presence of glycerol and ethanol as carbon sources [17] , suggesting that respiration increases propolis lethality. Interestingly, it was observed as upregulated into the same enriched category the gene OYE3 (old yellow enzyme) which was described as involved in increased resistance to H 2 O 2 -induced programmed cell death in yeast [39] .
Moreover, there are several genes related to cell cycle and cell cycle process and chromosome distribution and chromatin silencing that have decreased mRNA accumulation when S. cerevisiae is exposed to propolis (Table 3 and Additional file 1: Table A1 ). The reduced mRNA abundance of these genes suggested propolis is activating transcriptional checkpoint controls involved in the S-and M-phases important for DNA replication and proper chromosome segregation.
Validation of the microarray hybridization analysis
To validate some of our findings, we have chosen six different genes from our microarray analysis whose mRNA has either increased or decreased abundance when S. cerevisiae is exposed to 0.125% propolis. We designed Lux fluorescent probes and used real-time RT-PCR analysis to quantify their expression in a new set of biological replicate of the mRNA isolated from 5 and 10 minutes exposure to 0.125% propolis and compared them with the corresponding 5 and 10 minutes exposure to 0.68% ethanol. We have used as a normalizer control, TAF10, a gene encoding a subunit (145 kDa) of TFIID and SAGA complexes, involved in RNA polymerase II transcription initiation and in chromatin modification. Recently, this gene was shown as an appropriate Enrichment analysis was performed using the GO Term Finder available at < http://go.princeton.edu/cgi-bin/GOTermFinder> for searching for significant shared GO terms to describe the gene list of the significantly modulated genes (p<0.05). The input list for the analysis comprised 1,399 representing the total of up-and down-regulated found in the microarray analysis. FDR is the percentage of the GO terms with p-values as good as or better than a particular GO term with this FDR would be expected to be false positives. [40] . In addition, TAF10 was not shown as modulated in our microarray hybridization experiments (data not shown). Thus, the measured quantity of a specific gene mRNA in each of the treated samples was normalized using the C T values obtained for the TAF10 mRNA amplifications run in the same plate. The results were expressed as the number of times the genes have increased or decreased abundance when the yeast strains were exposed to propolis compared to the ethanol treatment (Figure 1 ). Due to the apparent importance of the enriched genes in the categories of (i) cellular component organization or biogenesis; (ii) transmembrane transport; (iii) response to stress/stimulus and (iv) cellular component organization or biogenesis, we evaluated the mRNA abundance of (i) PDR15 (YDR406W) encoding a transporter involved in multidrug resistance; (ii) SNQ2 (YDR011W) encoding a plasma membrane ATP-binding cassette (ABC) transporter, multidrug transporter involved in multidrug resistance and resistance to singlet oxygen species; (iii) TIM10 (YHR005C-A) encoding and essential protein of the mitochondrial intermembrane space, that forms a complex with Tim9p (TIM10 complex) and delivers hydrophobic proteins to the TIM22 complex for insertion into the inner membrane; (iv) VMA7 (YGR020C) and (v) VMA21 (YGR105W). These genes respectively encodes the subunit F of the eightsubunit V1 peripheral membrane domain of vacuolar H + -ATPase (V-ATPase) and Integral membrane protein that is required for vacuolar H+−ATPase (V-ATPase) function. The gene RLF2 (YPR018W) was also analyzed but different from the previous chosen genes, RLF2 was observed as down-regulated in the microarray analysis (Additional file 1: Table A1 ; Chromosome organization (GO:0051276; p<1.3 x10 -6 ). RLF2 encodes the largest Figure 1 Real-time RT-PCR for selected genes from the microarray hybridization analysis. S. cerevisiae was grown for 9 hours in liquid YPD at 30°C and the cells (~2 x 10 7 cells ml -1 ) were transferred to fresh liquid YPD and exposed to propolis 0.125% for 5 or 10 minutes. The relative quantitation of RLF2 (A), PDR15 (B), TIM10 (C), SNQ2 (D), VMA7 (E), VMA21 (F) was performed using TAF10 as normalizer. Gene expression was determined by a standard curve (i.e., C T -values plotted against logarithm of the DNA copy number). The results are the means ± standard deviation of four sets of experiments using completely independent biological replicates. The values above the bars are mean of the log2-ratio obtained in the microarray hybridization experiments.
subunit (p90) of the Chromatin Assembly Complex (CAF-1) with Cac2p and Msi1p that assembles newly synthesized histones onto recently replicated DNA.
As expected, all five genes that showed increased mRNA abundance (PDR15, TIM10, SNQ2, VMA7, and VMA21) and decreased mRNA abundance (RLF2) in the microarray hybridization analysis grouped in its respective enrichment categories showed corresponding increase and decreased expression in the real-time PCR experiments ( Figure 1A-F) . This behavior is in accordance with the normalized mean values obtained in the microarray analysis (see values above the Figure 1 graphs for comparison). Thus, it seems that our microarray hybridization approach is capable of providing information about S. cerevisiae gene expression modulation with a considerably high level of confidence and is an open source of data for further investigation for the mechanisms of propolis-mediated cell death in all susceptive organisms.
Systems analysis for propolis exposure
The transcriptomics data obtained submitted to the treatment conditions described in this work prompt us to ask how the underexpressed or overexpressed genes affect different biological processes that are altered during the exposure to 0.125% propolis. In this sense, a search for potential proteins and/or mechanisms and their associated biological processes that are affected by the conditions treatment was initiated. To achieve this goal, two different PPPI networks using yeast transcriptomics data were retrieved from Saccharomyces Genome Database (SGD): one associated to repressed genes (136 genes; repressed genes-associated PPPI network) and one associated to induced genes (203 genes; induced genes-associated network). The induced genesassociated PPPI network obtained from SGD contains 1,226 nodes and 2,854 connectors while the repressedassociated gene PPPI network contains 1,412 nodes and 2,782 connectors (Additional file 2: Table A2 ). Both induced-and repressed-genes associated PPPI networks were analyzed in order to observe the degree of network overlapping by means of an Area proportional Venn diagram. This analysis indicated that the repressed-genes associated PPPI network contains 919 unique proteins, while the induced-genes associated network contains 733 unique proteins, and there are 493 overlapping proteins. Although the degree of network overlapping was not elevated, we decided to merge both networks in a unique graph, containing 2,158 nodes and 5,655 connectors ( Figure 2 and Additional file 2: Table A2 ). Sub networks (clusters) present in the union PPPI network were identified and retrieved using the Cytoscape-associated plugin MCODE and subjected to a Gene Ontology (GO) analysis in order to obtain information about the nature and number of sub graphs belonging to the network and their associated biological processes. The union PPPI network contains eleven interconnected clusters, each comprising different biological processes. GO analysis of the obtained clusters indicated the participation of important biological processes that can be seen in Table 4 and Additional file 3: Table A3 . Many of these processes are reflecting the results previously found in the yeast library screening such as cell division mechanisms, mitochondria, vacuolar acidification, negative regulation of transcription from RNA polymerase II promoter (17) . In addition, other important processes such as protein transport and membrane organization and biogenesis (Table 4 , cluster 3); transcription from RNA polymerase II promoter and transcription, DNA dependent (Table 4 , cluster 4), regulation of cell cycle (Table 4 , cluster 7); ATP metabolic process, proton transport and vacuolar acidification (Table 4 , cluster 9) and response to stress (Table 4 , cluster 10) were categories also observed in the microarray hybridization analysis (see Additional file 3: Table A3 for a complete description of genes). It is also important to mention that statistically significant modulated genes could be observed in each of these clusters indicating that the PPPI network could link the transcriptomic analysis to potential biological processes affected by propolis. These genes can be seen in Additional file 3: Table A3 [written in red (repressed) or green (induced)].
Based on data gathered from this initial systems biology tools analysis, we decided to get more information about the major nodes involved in the information of the network using network centralities. Network centralities allow us to identify nodes (and the consequent biological processes) that have a relevant position in the overall network architecture [41] . Centralities have been recently applied to quantify the centrality and prestige of actors in social networks [41] and to understand the structure and properties of complex biological, technological and infrastructural networks [42, 43] . Many of the nodes in a given network that show elevated values of centrality are important points of vulnerability, indicating that any attack to these nodes could introduce strong perturbations in the network. Node degree represents the simplest centrality measure in a given network, corresponding to the number of nodes adjacent to a given node, where adjacent means directly connected [22] . The node degree represents the "popularity" of a given node, and highly connected nodes in a network are termed hubs. Next, betweenness is a measure that indicates to what extent a specific node is between all other nodes within the network [44] . In a general sense, betweenness show the influence of a node over the spread of information throughout the network. On the other hand, bottleneck is a local topologic data that is defined as all nodes with high betweenness values and different nodes degrees, indicating that those nodes are central points that control the communication between other nodes within the network [45, 46] . The measures of betweenness and node degree allow us to define the bottleneck nodes. Bottleneck nodes correspond to highly central proteins that connect several complexes or are peripheral members of central complexes, being important communication points between two complexes [46] . Mostly of bottleneck nodes tend to be essential proteins in a network [46] .
The centrality analysis of union network indicated the presence of 419 bottleneck nodes; 99 of these bottleneck nodes correspond to proteins of genes that were induced in array and 92 that were repressed in array (see Additional file 4: Table A4 , spreadsheet 1). The centrality analysis was also made for the 11 clusters (Additional file 4: Table A4 , spreadsheet 2). This analysis showed the presence of important bottleneck nodes in the clusters. Several genes that encode many of these proteins characterized as Bottleneck nodes (i. e. essential proteins in a network) were previously described in Tables 2, 3 and  Additional file 1: Table A1 once again highlighting the significance of the biological process identified as involved in response and cell tolerance to propolis. Thus, the main bottleneck nodes can be observed in Table 5 and are related to the following biological processes: cellular component organization or biogenesis, transmembrane transport, response to stress (referring to genes induced in the microarray analysis) and chromosome organization, cell cycle, RNA metabolic process (referring to genes repressed in the microarray analysis). To verify the biological processes associated with these genes, see Additional file 1: Table A1 .
These data express the importance of these pathways in response of S. cerevisiae to propolis and confirm a high degree of overlapping in gene function among the microarray hybridization and the system biology analysis. Furthermore, the data obtained here confirms the results achieved through the identification of genes involved in propolis sensitivity by the screening of the S. cerevisiae non-essential deletion library previously reported [17] . 
